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Abstract:  Phoenix  dactylifera  L.  (date  palm),  being  economically  very  important,  is 
widely cultivated in the Middle East and North Africa, having about 400 different cultivars. 
Assessment  of  date  cultivars  under  trading  and  farming  is  a  widely  accepted  problem 
owing to lack of a unique molecular signature for specific date cultivars. In the present 
study,  eight  different  cultivars  of  dates  viz.,  Khodry,  Khalas,  Ruthana,  Sukkari,  Sefri, 
Segae, Ajwa and Hilali were sequenced for rpoB and psbA-trnH genes and analyzed using 
bioinformatics  tools  to  establish  a  cultivar-specific  molecular  signature.  The  combined 
aligned data matrix was of 1147 characters, of which invariable and variable sites were 
found to be 958 and 173, respectively. The analysis clearly reveals three major groups of 
these  cultivars:  (i)  Khodary,  Sefri,  Ajwa,  Ruthana  and  Hilali  (58%  BS);  
(ii)  Sukkari  and  Khalas  (64%  BS);  and  (iii)  Segae.  The  economically  most  important 
cultivar Ajwa showed similarity with Khodary and Sefri (67% BS).The sequences of the 
date cultivars generated in the present study showed bootstrap values between 38% and 
70% so these sequences could be carefully used as molecular signature for potential date 
cultivars under trading and selection of genuine cultivars at the seedling stage for farming. 
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1. Introduction  
Phoenix  dactylifera  L.  (family:  Arecaceae)  which  is  commonly  known  as  date  palm  is  of 
considerable economic importance and thus is widely cultivated in the Middle East and North Africa [1]. 
The Kingdom of Saudi Arabia is the largest producer of dates in the world. There are about 400 
different cultivars of dates which are mainly grown in the central, western, and south-western regions 
of Saudi Arabia [2]. 
The date palm fruit is a common staple food in the Middle East and North African regions as well 
as many other tropical and subtropical regions [3]. The most important carbohydrates occurring in 
large amounts in its fruit are fructose and glucose [4], which are a source of rapid energy for the 
human body. The quality of dates depends on the amount of dietary fibers they contain, as well as on 
the presence of essential minerals such as calcium, iron, magnesium, phosphorus, potassium, zinc, 
selenium and manganese [5]. The fresh and dried dates vary quantitatively and qualitatively in their 
phenolic  acid  contents.  Besides  possessing  considerable  nutritional  value,  date  fruits  are  rich  in 
phenolic compounds expressing high antioxidant activity [6]. The extracts of date fruits have been 
reported  to  be  biologically  very  active,  i.e.,  it  is  a  potent  antioxidant  and  shows  antimutagenic  
activities [7–11].  
Genetically,  the  date  palm  is  highly  diverse  due  to  existence  of  large  number  of  cultivars 
distributed in different habitats of Saudi Arabia. A variety of morphological characters of date fruits 
(viz., shape, size, weight,  color,  aspects  of fruit skin, consistency,  texture, etc.) and biochemical 
markers like isozymes and proteins [12–14] have earlier been employed for the identification of date 
fruits,  however,  these  traits  are  greatly  influenced  by  environmental  factors  as  well  as  the 
developmental stages of the plant. The random amplified polymorphic DNA (RAPD), inter simple 
sequence repeats (ISSR), and microsatellites have earlier been employed for germplasm characterization 
of different date palm cultivars from Saudi Arabia and other countries like Egypt, Tunisia and Sudan 
with similar climatic conditions [15–21]. In most of these studies, considerable genetic diversity has 
been detected in date palm germplasm using these molecular markers. 
Although DNA sequence data and barcoding are now well accepted global standards for species 
identification [22], they have also some limitations [23]. However, more recently the chloroplast DNA 
sequences alone or with combination of nuclear sequences are being extensively explored [24–26].  
Generally, the chloroplast genome of plants shows maternal inheritance but in a few cases paternal 
or biparental mode of inheritance has been reported [27,28]. For example, Passiflora has been reported 
to show all three types of chloroplast inheritance [29]. In date palm, maternal inheritance has also been 
reported while hybridizing the species of genera Orbignya and Phoenix. Due to putative maternal 
inheritance of chloroplast DNA it may generate erroneous results in cladistic studies [30]. 
Since, the proper identification of date cultivars always remains ambiguous, so there is an urgent 
need of their molecular characterization at least for those potential cultivars which are economically Int. J. Mol. Sci. 2011, 12  6873 
 
and medicinally important and have high trade value. The rapidly and slowly evolving loci including 
psbA-trnH and rpoB differentiate at genera and species level, respectively. To shun perplexing issues 
due to considerable variation in DNA sequence alignments, the same two locus barcodes were used as 
alignment  associated  with  the  corresponding  single-locus  barcodes.  Moreover,  the  main  reason  of 
choosing  these  two  loci  for  date  palm  was  that  these  exhibit  considerable  genetic  variability  and 
divergence,  ease  of  amplification,  short  sequence  length,  conserved  flanking  sites  for  developing 
universal primers and ease of alignment and analysis [26,31]. 
Thus, the main objective of this work was to assess molecular signature of some of the economically 
and medicinally important date cultivars from Saudi Arabia based on rpoB and psbA-trnH chloroplast 
DNA sequences data.  
2. Results and Discussion  
Owing to considerable phenotypic plasticity in Phoenix species, it is very difficult to characterize 
based on vegetative characters. DNA sequence based identification and authentication is a potential 
method and is being employed for a variety of species. However, sequence variation is an important 
aspect of barcode identification between species of different genera or of a same genus. Here, the  
two-loci barcoding system has been employed to overcome the problem faced during the application of 
a single marker. These two loci rpoB and psbA-trnH have shown considerable differentiation among 
the cultivars of date palm as compared to other loci. Both loci exhibited high PCR success with universal 
primers. We also tried to amplify the rpoC and ITS regions, however, these loci were not amplified 
successfully (data not shown here). The combined length of the rpoB and psbA-trnH from all date 
palm cultivars examined in the present study ranged from 1137 to 1143 bp with rpoB of 463–469 bp 
and psbA-trnH of 674 bp. The plastome genomes are highly AT-rich and average being around 63%. 
However, the GC content in rpoB varied from 39 to 41%. The total length of psbA-trnH was found 
constant in all the samples; however, the GC content varied from 28 to 32% (Table 1). The percent GC 
content variation was more in rpoB locus because of its coding property while psbA-trnH is non-coding. 
The length variation was found more in rpoB spacer sequence while it was fixed in psbA-trnH. The 
reason of variation in length of rpoB may be due to the genomic rearrangement of the inverted repeat [32]. 
Table 1. Sequence characteristics of the date palm cultivars examined in the present study. 
Cultivars  Abbreviation 
Sequence characteristics 
rpoB  psbA-trnH 
Accession 
No. 
Total 
length 
%GC 
Accession 
No. 
Total 
length 
%GC 
Khodry  D1  JN854236  463  39  JN854228  674  28 
Khalas  D2  JN854237  464  40  JN854229  674  29 
Ruthana  D3  JN854238  463  39  JN854230  674  29 
Sukkari  D4  JN854239  469  41  JN854231  674  29 
Sefri  D5  JN854240  464  39  JN854232  674  29 
Segae  D6  JN854241  467  40  JN854233  674  32 
Ajwa  D7  JN854242  463  39  JN854234  674  29 
Hilali  D8  JN854243  463  39  JN854235  674  29 Int. J. Mol. Sci. 2011, 12  6874 
 
Insertions or deletions (indels) were necessary to align the sequences. The combined aligned data 
matrix  were  of  1147  characters  of  which  invariable  (monomorphic)  sites  were  958,  variable 
(polymorphic) sites 173, out of which parsimony  informative sites were 67. The indels ranged  in 
length from 1 to 10 bp (see supplementary).  
The polymorphism among the data set was noted. The total number of polymorphic sites, variance 
of  haplotype  diversity,  nucleotide  diversity  (Pi),  theta  (per  site)  from  Eta  and  average  number  of 
nucleotide differences (K) among all cultivars was found to be 135, 0.00391, 0.0686, 0.0686, 45.893, 
respectively in psbA-trnH, while 33, 0.0339, 0.0276, 0.0276, 11.321, respectively, in rpoB (Table 2). 
The psbA-trnH showed more polymorphic sites than the rpoB locus; hence, it was more informative 
and proved very effective in differencing the date palm cultivars. Moreover, psbA-trnH has been used 
successfully in angiosperms, but now further research is required to verify its efficacy on mosses, ferns 
and gymnosperms [31]. 
Table 2. Sequence polymorphism among the date palm cultivars. 
Sequence polymorphism   psbA-trnH  rpoB 
Number of polymorphic sites   135  33 
Variance of haplotype diversity   0.00391  0.0339 
Nucleotide diversity (Pi)  0.0686  0.0276 
Theta (per site) from Eta  0.0807  0.0276 
Average number of nucleotide differences (K)  45.893  11.321 
The genetic divergence evaluated among the date palm cultivars may be due to the dispersal of  
off-shoots, pollen grains and seeds, etc. Off-shoots and pollen grains are extensively distributed among 
farmers within a village, province or country, while seed dispersal takes place by other means such as 
travelers and traders across geographic borders [21]. The other reasons of sequence variability among 
the date cultivars could be mountains and low lands, different matting, mutation, genetic drift, gene 
flow, selection, long-term evolution history, successional stages, and human activities are some of the 
promising factors that affect genetic variation patterns among plant populations [33–35]. Furthermore, 
environmental  factors  and  heterogeneous  forms  of  cultivars  may  also  be  one  of  the  reasons  of 
variability [36]. The dioecious nature of date palms may also be one of the reasons for its high genetic 
variability as has been observed in Tunisian date palms [34]. 
Relationships among the date palm cultivars evaluated in the present study were inferred using the 
Unweighted Pair Group Method with Arithmetic Mean (UPGMA) [37], which reveals the optimal tree 
with the sum of branch length, 0.1965 (Figure 1). The analysis clearly reveals three major clades:  
(i)  the  cultivars  Khodary,  Sefri,  Ajwa,  Ruthana  and  Hilali  clustered  together  with  58%  bootstrap 
support; (ii) the cultivars Sukkari and Khalas are clustered together with 64% bootstrap support; and 
(iii) the sequence pattern of Segae was found different from the other cultivars. It is important to note 
that the most economically important cultivar Ajwa showed clading with Khodary and Sefri (67% 
bootstrap support). All cultivars which were morphologically different to each other also differed in 
sequence up to some extent at both loci and thus each sequence would act as a molecular signature for 
each cultivar.  Int. J. Mol. Sci. 2011, 12  6875 
 
Figure 1. Unweighted Pair Group Method with Arithmetic Mean (UPGMA) tree inferred 
from combined data set of rpoB and psbA-trnH DNA sequences showing relationships 
among the date palm cultivars. The percentages of replicate trees in which the associated 
cultivars  clustered  together  in  the  bootstrap  test  (100  replicates)  are  shown  next  to  
the branches.  
 
The phylogenetic relationships among the date palm cultivars have been also evaluated in different 
countries viz., Tunisia, California and Morocco using various molecular markers such as ISSR, AFLP 
and RAPD [17,21,38–40]; microsatellite [20,21]; and isozyme [14,41]. These markers showed high 
polymorphism among the date palm cultivars, but it remained difficult to effectively characterize them. 
Therefore, the chloroplast spacer sequences were employed for the discrimination of various cultivars 
of date palm. These markers generally show better phylogenetic relationships than do the nuclear DNA 
markers. However, the utility of chloroplast spacer sequences including rpoB and psbA-trnH gene 
sequences in molecular typing has earlier been well reviewed [24–26,31,42–48]. The sequences of the 
date palm cultivars generated in the present study could be used as molecular signature for specific 
cultivars of dates under trading and selection of genuine cultivars at the seedling stage under farming. 
3. Materials and Methods  
3.1. Sampling 
The fruits of different cultivars of date palm viz., Khodry, Khalas, Ruthana, Sukkari, Sefri, Segae, 
Ajwa, and Hilali were purchased (in triplicate) from a commercial market in Riyadh, Saudi Arabia 
(Table 1). The seeds were taken out from the fruits and then washed with sterilized distilled water and 
thereafter, disinfected with 0.01% NaOCl. The seeds were again washed with sterilized distilled water 
to remove extra NaOCl from the seed surface. Further, seeds were soaked in sterilized water for four 
weeks to attain proper germination. The germinated seeds of all cultivars were used for DNA extraction.  
3.2. Genomic DNA Extraction 
3.2.1. Procedure 
Genomic DNA was isolated from the germinated seeds of all date palm cultivars using a modified 
CTAB (cetyl trimethyl ammonium bromide) method [49]. A proportion (0.01 g) seedling was ground 
in 800 µL of extraction buffer (100 mM Tris buffer pH 8, 25 mM EDTA, 2 M NaCl, 3% CTAB and Int. J. Mol. Sci. 2011, 12  6876 
 
3% polyvinyl pyrrolidone). The resultant seedling paste was transferred to a microcentrifuge tube and 
incubated at 65 °C for 20 min with frequent mixing. The mixture was then cooled to room temperature 
and  an  equal  volume  of  chloroform:  isoamyl  alcohol  (24:1)  was  added  to  it.  The  mixture  was 
centrifuged at 12000 rpm for 10 min. The clear upper aqueous part was then transferred to a new 
microfuge tube, added a 2/3 volume of ice-cooled isopropanol to it and incubated the whole mixture at 
−20 °C for 2 h. For the collection of nucleic acid, the mixture was centrifuged at 1000 rpm for 10 min. 
The resulting pellet was washed twice with 80% ethanol and then air-dried under a sterile laminar 
hood.  The  nucleic  acid  was  dissolved  in  sterilized  distilled  water  at  room  temperature  and  the 
contaminating RNA was removed by treating with RNase A (10 mg/mL) for 30 min at 37 °C. DNA 
concentration and purity were determined by measuring the absorbance of diluted DNA solution at  
260 nm and 280 nm. Further, the quality of the DNA was determined using agarose gel electrophoresis 
staining with ethidium bromide. 
3.2.2. Amplification and Sequencing  
The rpoB and psbA-trnH sequences were amplified using the AccuPower HF PCR PreMix (Bioneer, 
Daejeon,  South  Korea)  in  20  µL  volumes  containing  2  µL  of  10×  buffer,  300  µM  dNTPs,  
1 µL of a 10 pM solution of each primer, 1 unit of HF DNA polymerase (see Table 3 for primer 
sequence and reaction conditions).  
Table 3. Primer sequence and reaction conditions for PCR amplification. 
Gene  Primer  Primer sequence 5′-3′  Reaction conditions 
psbA-trnH 
Forward  GTTATGCATGAACGTAATGCTC  94 °C 1 min, 94 °C 30 s, 
53 °C 40 s, 72 °C 30 s,  
40 cycles, 72 °C 5 min  Reverse  CGCGCATGGTGGATTCACAAATC 
rpoB 
Forward  ATGCAACGTCAAGCAGTTCC  94 °C 1 min, 94 °C 30 s, 
53 °C 40 s, 72 °C 30 s,  
40 cycles, 72 °C 5 min  Reverse  GATCCCAGCATCACAATTCC 
The amplified PCR products were checked on 1.2% agarose gel containing ethidium bromide. The 
size was confirmed using DNA molecular weight marker. The PCR products were purified with the 
SolGent  PCR  Purification  Kit-Ultra  (SolGent,  Daejeon,  South  Korea)  prior  to  sequencing.  The 
sequencing reaction was performed with the BigDye Terminator cycle sequencing kit (Perkin-Elmer, 
Applied Biosystems) by following the manufacturer’s instructions in an ABI PRISM 3730XL DNA 
Analyzer (Perkin-Elmer, Applied Biosystems). Each sample was sequenced in the sense and antisense 
directions and analyzed
 with ABI Sequence Navigator software
 (Perkin-Elmer/Applied Biosystems).  
3.3. DNA Sequence Data Analysis  
Sequence alignment was performed using the ClustalX version 1.81 [50]. The aligned sequences 
were  then  subsequently  adjusted  manually  using  BioEdit  [51].  Insertion-deletions  (Indels)  were  
scored  as  single  characters  when  we  had  confidence  in  positional  homology.  The  boundaries  of  
each  sequence  were  determined  by
  comparing  them  with  earlier  published  sequences  available  
in  GenBank-  taxonomy  database  of  National  Centre  for  Biotechnology  Information Int. J. Mol. Sci. 2011, 12  6877 
 
(www.ncbi.nlm.nih.gov/GenBank). Gaps were treated as missing
 data in phylogenetic analyses. All 
sequences  generated  in  the  present  study  were  deposited  in  GenBank  for  reference  and  accession 
numbers are given in (Table 1). Nucleotide polymorphism among the cultivars was analyzed using the 
software  DnaSP  v4.5  [52].  The  cladistic  analysis  of  aligned  sequences  was  performed  using 
phylogenetic  analysis  software  MEGA4  [53]  following  the  UPGMA  method  [37].  The  Maximum 
Composite Likelihood method [54] was used to compute the evolutionary distances among the date 
palm  cultivars,  which  were  in  the  units  of  the  number  of  base  substitutions  per  site.  Codon  
positions included were 1st + 2nd + 3rd + Noncoding. All positions containing gaps and missing data 
were removed from the dataset (Complete deletion option). The final data set contained a total of  
1131 positions.  
4. Conclusion 
Identification and authentication is very important to maintain the quality and efficacy of cultivars 
of dates in local markets. Some cultivars are being used in drug formulations, for which their proper 
identification is very important for evaluation of their potential medicinal efficacy. The sequences of 
the date palm cultivars generated in the present study show bootstrap values range from 38–70%, 
which is not very high, so these sequences could be used with some caution as molecular signature for 
specific  cultivars  of  dates  under  trading  and  selection  of  genuine  cultivars  at  the  seedling  stage  
under farming. 
Acknowledgement 
The  authors  extend  their  appreciation  to  the  Deanship  of  Scientific  Research  at  King  Saud 
University for funding the work through the research group project No. RGP-VPP-014. 
References 
1.  Sghaier-Hammami,  B.;  Valledor,  L.;  Drira,  N.;  Jorrin-Novo,  J.V.  Proteomic  analysis  of  the 
development and germination of date palm (Phoenix dactylifera L.) zygotic embryos. Proteomics 
2009, 9, 2543–2554. 
2.  Anon. The fruit of the desert. Saudi Date Market, Al-Butain Agricultural Cooperative Association 
(BACA), issue June 7, 2004. Available online: http://www.dates.com.sa/SaudiDates/SaudiDates. 
htm (accessed on 8 August 2011) 
3.  Yang, M.; Zhang, X.; Liu, G.; Yin, Y.; Chen, K.; Yun, Q.; Zhao, D.; Al-Mssallem, I.S.; Yu, J. 
The complete chloroplast genome sequence of date palm (Phoenix dactylifera L.). PLoS One 
2010, 5, e12762. 
4.  Saaﬁ, E.B.; Trigui, M.; Thabet, R.; Hammami, M.; Achour, L. Common date palm in Tunisia: 
Chemical composition of pulp and Pit. Int. J. Food Sci. Technol. 2008, 43, 2033–2037. 
5.  Elleuch, M.; Besbes, S.; Roiseux, O. Date ﬂesh: Chemical composition and characteristics of the 
dietary ﬁbre. Food Chem. 2008, 111, 676–668. 
6.  Biglari, F.; AlKarkhi, A.F.M.; Easa, A.M. Cluster analysis of antioxidant compounds in dates 
(Phoenix dactylifera): Effect of long-term cold storage. Food Chem. 2009, 112, 998–1001. Int. J. Mol. Sci. 2011, 12  6878 
 
7.  Biglari, F.; AlKarkhi, A.F.M.; Easa, A.M. Antioxidant activity and phenolic content of various 
date palm (Phoenix dactylifera) fruits from Iran. Food Chem. 2008, 107, 1636–1641. 
8.  Saaﬁ,  E.B.;  El-Arem,  A.;  Issaoui,  M.;  Hammami,  M.;  Achour,  L.  Phenolic  content  and 
antioxidant activity of four date palm (Phoenix dactylifera L.) fruit varieties grown in Tunisia.  
Int. J. Food Sci. Technol. 2009, 44, 2314–2319. 
9.  Mansouri, A.; Embarek, G.; Kokkalou, E.; Kefalas, P. Phenolic proﬁle and antioxidant activity of 
the Algerian ripe date palm fruit (Phoenix dactylifera). Food Chem. 2005, 89, 411–420. 
10.  Hong,  Y.J.;  Tomas-Barberan,  F.A.;  Kader,  A.;  Mitchell,  E.A.  The  ﬂavonoid  glycosides  and 
procyanidin composition of Deglet Noor Dates (Phoenix dactylifera). J. Agric. Food Chem. 2006, 
54, 2405–2411. 
11.  Mrabet, A.; Rejili, M.; Lachiheb, B.; Toivonen, P.; Chaira, N.; Ferchichi, A. Microbiological and 
chemical characterizations of organic and conventional date pastes (Phoenix dactylifera L.) from 
Tunisia. Ann. Microbiol. 2008, 58, 453–459. 
12.  Baaziz, M.; Saaidi, M. Preliminary identification of date palm cultivars by esterase isoenzymes 
and peroxidase activities. Can. J. Bot. 1988, 66, 89–93. 
13.  Majourhat, K.; Medraoui, K.B.L.; Baaziz, M. Diversity of leaf peroxidases in date palm (Phoenix 
dactylifera L.) as revealed in an example of marginal (seedling derived) palm groves. Sci. Hort. 
2002, 95, 31–38. 
14.  Ould Mohamed Salem, A.; Trifi, M.; Rhouma, A.; Marrakchi, M. Genetic inheritance analyses of 
four enzymes in date palm (Phoenix dactylifera L.). Genet. Resour. Crop Evol. 2001, 48, 361–368. 
15.  Abdulla,  M.;  Gamal,  O.  Investigation  on  molecular  phylogeny  of  some  date  palm  (Phoenix 
dactylifra L.) cultivars by protein, RAPD and ISSR markers in Saudi Arabia. Aust. J Crop Sci. 2010, 4, 
23–28. 
16.  Aitchitt, M.; Mantell, S.; Thangavelu, M.; Ainsworth, C. Cloning date palm (Phoenix dactylifera 
L.)  DNA  and  characterization  of  low,  medium  and  high  copy  DNA  sequences.  Elaeis  1995,  
7, 57–63. 
17.  Al-Khalifah, N.S.; Askari, E. Molecular phylogeny of date palm (Phoenix dactylifera L.) cultivars 
from Saudi Arabia by DNA fingerprinting. Theor. Appl. Genet. 2003, 107, 1266–1270. 
18.  Rawashdeh, I.; Amri, A. Genetic characterization of date palm varieties using RAPD markers. 
Jordan J. Agri. Sci. 2006, 2, 234–242. 
19.  Soliman, S.S.; Ali, B.A.; Ahmed, M.M. Genetic comparisons of Egyptian date palm cultivars 
(Phoenix dactylifera L.) by RAPD-PCR. Afr. J. Biotechnol. 2003, 2, 86–87. 
20.  Zehdi, S.; Trifi, M.; Billotte, N.; Marakchi, M.; Pintaud, J.C. Genetic diversity of Tunisian date 
palms (Phoenix dactylifera L.) revealed by nuclear microsatellite polymorphism. Hereditas 2004, 
141, 278–287. 
21.  Elshibli, S.; Korpelainen, H. Microsatellite markers reveal high genetic diversity in date palm 
(Phoenix dactylifera L.) germplasm from Sudan. Genetica 2008, 134, 251–260.  
22.  Ali, M.A.; Choudhary, R.K. India needs more plant taxonomists. Nature 2011, 471, 37. 
23.  Nock, C.J.; Waters, D.L.E.; Edwards, M.A.; Bowen, S.G.; Rice, N.; Cordeiro, G.M.; Henry, R.J. 
Chloroplast genome sequences from total DNA for plant identification. Plant Biotechnol. J. 2011, 
9, 328–333. Int. J. Mol. Sci. 2011, 12  6879 
 
24.  Yao, H.; Song, J.Y.; Ma, X.Y.; Liu, C.; Li, Y.; Xu, H.X. Identification of Dendrobium species by 
a candidate DNA barcode sequence: The chloroplast psbA-trnH intergenic region. Planta Med. 
2009, 75, 667–669. 
25.  Song, J.; Yao, H.; Li, Y.; Li, X.; Lin, Y.; Liu, C. Authentication of the family Polygonaceae in 
Chinese pharmacopoeia by DNA barcoding technique. J. Ethnopharmacol. 2009, 124, 434–439. 
26.  Kress, W.J.; Wurdack, K.J.; Zimmer, E.A.; Weigt, L.A.; Janzen, D.H. Use of DNA barcodes to 
identify flowering plants. Proc Natl. Acad. Sci. USA 2005, 102, 8369–8374. 
27.  Dong,  J.;  Wagner,  D.B.;  Yanchuk,  A.D.;  Carlson,  M.R.;  Magnussen,  S.;  Wang,  X.R.;  
Szmidt,  A.E.  Paternal  chloroplast  DNA  inheritance  in  Pinus  consora  and  Pinus  banksiana: 
independence of parenetal species or cross direction. J. Hered. 1992, 83, 419–422. 
28.  Mason, R.J.; Holsinger, K.E.; Jansen, R.K. Biparental inheritance of the chloroplast genome in 
Coreopsis (Asteraceae) J. Hered. 1994, 85, 171–173. 
29.  Hansen,  A.K.;  Escobar,  L.K.;  Gilbert,  L.E.;  Jansen,  R.K.  Paternal,  maternal,  and  biparental 
inheritance of the chloroplast genome in Passiflora (Passifloraceae): Implications for phylogenetic 
studies. Am. J. Bot. 2007, 94, 42–46. 
30.  Wikipedia.  Arecaceae.  Available  online:  http://en.wikipedia.org/wiki/Arecaceae  (accessed  on  10 
September 2011).  
31.  Kress W.J.; Erickson, D.L. A Two-locus global DNA barcode for land plants: The coding rbcL 
gene complements the non-coding trnH-psbA spacer region PLoS One 2007, 6, e508. 
32.  Goremykin,  V.V.;  Holland,  B.;  Hirsch-Ernst,  K.I.;  Hellwig,  F.H.  Analysis  of  Acorus  calamus 
chloroplast genome and its phylogenetic implications. Mol. Phylogenet. Evol. 2005, 22, 1813–1822. 
33.  Hamrick, J.L.; Godt, M.J.W. Allozyme diversity in plant species. In Plant Population Genetics, 
Breeding and Genetic Resources; Brown, A.H.D., Clegg, M.T., Kahler, A.L., Weir, B.S., Eds.; 
Sinauer Associates Inc.: Sunderland, UK, 1989.  
34.  Nybom, H.; Bartish, I.V. Effects of life history traits and sampling strategies on genetic diversity 
estimates obtained with RAPD markers in plants. Perspect. Plant Ecol. Evol. Syst. 2000, 3, 93–114. 
35.  Nybom, H. Comparison of different nuclear DNA markers for estimating intra-speciﬁc genetic 
diversity in plants. Mol. Ecol. 2004, 13, 1143–1155. 
36.  Fakir, S.; Car Munier, P. Origine de la culture sur palmier dattier et sa propagation en Afrique. 
Fruits 1981, 36, 437–450. 
37.  Sneath, P.H.A.; Sokal, R.R. Numerical Taxonomy; W.H. Freeman & Company: San Francisco, 
CA, USA, 1973. 
38.  Sedra,  M.H.;  Lashermes,  P.;  Trouslot,  P.;  Combes,  M.;  Hamon,  S.  Identification  and  genetic 
diversity analysis of date palm (Phoenix dactylifera  L.) varieties from  Morocco using RAPD 
markers. Euphytica 1998, 103, 75–82. 
39.  Cao, B.R.; Chao, C.T. Identification of date cultivars in California using AFLP. Hort. Sci. 2002, 
37, 966–968. 
40.  Zehdi, S.; Sakka, H.; Rhouma, A.; Ould Mohamed Salem, A.; Marrakchi, M.; Trifi, M. Analysis 
of  Tunisian  date  palm  germplasm  using  simple  sequence  repeats.  Afr.  J.  Biotechnol.  2004,  
3, 215–519. 
41.  Bennaceur, M.; Lanaud, C.; Chevalier, M.H.; Bounaga, N. Genetic diversity of the date (Phoenix 
dactylifera L.) from Algeria revealed by enzyme markers. Plant Breed. 1991, 107, 56–69. Int. J. Mol. Sci. 2011, 12  6880 
 
42.  Pennisi, E. Taxonomy. Wanted: A barcode for plants. Science 2007, 318, 190–191. 
43.  Sass, C.; Little, D.P.; Stevenson, D.W.; Specht, C.D. DNA barcoding in the Cycadales: Testing 
the potential of proposed barcoding markers for species identiﬁcation of Cycads. PLoS One 2007, 
11, e1154. 
44.  Newmaster, S.G.; Fazekas, A.J.; Steeves, R.A.D.; Janovec, J. Testing candidate plant barcode 
regions in the Myristicaceae. Mol. Ecol. Notes 2008, 8, 480–490.  
45.  Taberlet,  P.;  Coissac,  E.;  Pompanon,  F.;  Gielly,  L.;  Miquel,  C.;  Valentini,  A.;  Vermat,  T.; 
Corthier, G.; Brochmann, C.; Willerslev, E. Power and limitations of the chloroplast trnL (UAA) 
intron for plant DNA barcoding. Nucleic Acids Res. 2007, 35, e14. 
46.  Lahaye,  R.;  van  der  Bank,  M.;  Bogarin,  D.;  Warner,  J.;  Pupulin,  F.;  Gigot,  G.;  Maurin,  O.; 
Duthoit, S.; Barraclough, T.G.; Savolainen, V. DNA barcoding the ﬂoras of biodiversity hotspots. 
Proc. Natl. Acad. Sci. USA 2008, 105, 2923–2928. 
47.  Feng, T.; Liu, S.; He, X.J. Molecular authentication of the traditional Chinese medicinal plant 
Angelica sinensis based on internal transcribed spacer of nrDNA. Electron. J. Biotechnol. 2010, 
13, 1–10. 
48.  Chen, S.L.; Yao, H.; Han, J.P.; Liu, C.; Song, J.Y.; Shi, L.C.; Zhu, Y.J.; Ma, X.Y.; Gao, T.;  
Pang, X.H.; et al. Validation of the ITS2 region as a novel DNA barcode for identifying medicinal 
plant species. PLoS One 2010, 5, e8613. 
49.  Khan, S.; Qureshi, M.I.; Kamaluddin, Alam, T.; Abdin, M.Z. Protocol for isolation of genomic 
DNA from dry and fresh roots of medicinal plants suitable for RAPD and restriction digestion. 
Afr. J. Biotechnol. 2007, 6, 175–178. 
50.  Thompson,  J.D.;  Gibson,  T.J.;  Plewniak,  F.;  Jeanmougin,  F.;  Higgins,  D.G.;  The  ClustalX 
windows interface: Flexible strategies for multiple sequence alignment aided by quality analysis 
tools. Nucleic Acids Res. 1997, 24, 4876–4882. 
51.  Hall, T.A. BioEdit: A user-friendly biological sequence alignment editor and analysis program for 
Windows 95/98/NT. Nucleic Acid Symp. Ser. 1999, 41, 95–98. 
52.  Rozas, J.; Rozas, R. DnaSP, DNA sequence polymorphism: An interactive program for estimating 
population genetics parameters from DNA sequence data. Comput. Appl. Biosci. 1995, 11, 621–625. 
53.  Tamura, K.; Dudley, J.; Nei, M.; Kumar, S. MEGA4: Molecular evolutionary genetics analysis 
(MEGA) software version 4.0. Mol. Biol. Evol. 2007, 24, 1596–1599. 
54.  Tamura,  K.;  Nei,  M.;  Kumar,  S.  Prospects  for  inferring  very  large  phylogenies  by  using  the 
neighbor-joining method. Proc. Natl. Acad. Sci. USA 2004, 101, 11030–11035. 
©  2011  by  the  authors;  licensee  MDPI,  Basel,  Switzerland.  This  article  is  an  open  access  article 
distributed  under  the  terms  and  conditions  of  the  Creative  Commons  Attribution  license 
(http://creativecommons.org/licenses/by/3.0/). 